The scattering of electrons moving through nonpolar liquids is discussed. The Hartree Geld of an atom is assumed not to change on passing from gas to liquid. The screening of the long-range polarization potential is given by a self-consistent local Geld, which is found in terms of the pair correlation function. A microscopic dielectric function follows as a byproduct. The overlap of atomic force fields in the liquid is handled by the use of an eBective potential suggested by Cohen. Detailed calculations are made for electrons in liquid argon. The principal result is that the Ramsauer minimum no longer exists in the liquid, The drift velocity in a steady electric Geld is found from the solution of the Boltzmann equation given by Cohen and Lekner. Agreement between experiment and theory is good.
I. INTRODUCTION
ARLY studies' ' of conductivity pulses produced by ionizing radiation in liquid argon showed that the negative-charge carriers had mobilities three or four orders of magnitude larger than ionic mobilities. It was concluded that they were free electrons. They are in fact excited or excess electrons in the conduction band of the liquid, and the purpose of this paper is to give a microscopic description of their motion.
There are two main problems to resolve, namely (a) what is the effective atomic potential scattering the electron; and (b) how to calculate the transport properties when this potential is known. The latter has been examined by Cohen and myself': A solution of the Boltzmann equation was given which included exactly the space -time correlations within the medium through the use of sum rules of the Van Hove spectral function S(K,ce). On the other hand, the question of the effective atomic potential acting on the electrons has either been left open, ' 4 5 or it was assumed that it is substantially the same as in scattering within the gas. ' However, the long-range polarization force between an electron and a polarizable atom is screened by the presence of other polarizable atoms. The screening of the polarization interaction will be examined in Sec. III. There is considerable overlap of the polarization force fields of diGerent atoms, and to a lesser extent, of the Hartree 6elds of nearest neighbors. This problem is considered in Sec. IV. A prerequisite for the discussion of screening and overlap in the liquid is a knowledge of the interaction between an electron and an isolated atom. Ã N. Davidson and A. K. Larsh, Phys. Rev. 74, 220 (1948); 77 706 (1950) .
' M. S. Malkin and H. L. Schultz, Phys. Rev. 85, 1051 (1951 (1965) . simplified discussion is given in Sec. II.The drif t velocity of electrons in a steady electric field is calculated and compared with experiment in Sec. V. Finally, a simple extension of the results of Sec. III to the screening of the electric force between an electron and a hole in the liquid, which must be considered in the exciton problem, is given in the Appendix.
The screening, the effective potential, and the momentum-transfer cross section required for transport properties are all dependent on liquid structure through the pair correlation function g(R) or the structure factor S(X), 39, 474 (1963) ;N, W. Ashcroft and J. Lekner, Phys. Rev. 145, 83 (1966) .
' D. G. Henshaw, Phys. Rev. 105) 976 (1957) .
II. SCATTERING OF ELECTRONS BY GASEOUS ARGON
We have numerically'4 integrated. Schrodinger's equa- 
where the length A = (a/ao)'" is a measure of the strength of the polarization force. " The solution of (3) Consider now a point charge -e in a liquid composed of atoms of polarizability n. In the absence of other nearby atoms, the electric field acting on an atom at R would be e/R' (see Fig. 3 ). By symmetry, the average local field acting on the atom at R is along R, and. a function of E only. Call it (e/R') f(R),
Xe(R,s,t), (11) where 8(R,s,t) denotes the bracketed quantity in (10). (Fig. 3) is (c/P) f(t), so that it has on it an induced dipole of average strength n(e/t') 1'(t). The component along R of the field at R due to this dipole is
Integrating over all space in bipolar coordinates s, 
In the limit of a structureless Quid. we therefore recover the Lorentz local 6eld, "
For a given pair-correlation function, the local-field function can be found numerically by straightforward iteration of the integral equation (11). The solution corresponding to the 0.= 3.44 A Percus-Vevick structure factor of Fig. 1 is shown in Fig. 4 . (15) shows that the screening e6ects are contained entirely in the local held. The polarization energy is the sum of energies U;= ', n f (R-;)(e/RP)' Up to this point the discussion of the screening has been for the case of an electron moving among idealized atoms with constant polarizability 0, , acting as point dipoles. The point-dipole approximation does not lead to large error, since atoms in the liquid have vanishingly small probability of approaching closer together than the distance 0 (i.e. , g(R) in Kq. (11) is zero for R(0).
We expect exchange and correlation to be important at distances of order R; by analogy with (2) the error involved in treating the atoms as point dipoles will be of order 2R '/a', i.e. , about 5% for argon.
On the other hand, the distance between the electron and a given atom in the liquid can be small, and the polarizability cannot be taken to be constant for R(R, : this is implied by the use of (2). Equation (11) (U(R)) = Ui(R)+. ds sg(s) dt tU, (t). (22) The effective potential U,ff is then defined as"
This potential is shown in Fig. 5 (21) U~(R) = 2« f(R)/(R+R~)~(19) where R and Uo are defined by where f(R) is found from (11).At small R this potential should be the same as in the gas, and it is, since f(R) -+ 1 as R/o~0. U becomes the dominant term for R)2R; in this region the inaccuracy will come less from the idealizations discussed above than from uncertainties in the pair-correlation function, which are quite large (10 or 20%).
IV. THE EFFECTIVE POTENTIAL IN THE LIQUID
We shall assume that the change in the Hartree held of an atom on pat sing from gas to liquid is negligible. This is justi6ed in part by the 
V. DMFT VELOCITY OF ELECTRONS IN LIQUID ARGON
The most recent data on the drift velocity of electrons in liquid argon is that of Swan' at high fields and of Schnyders, Rice, and Meyer' at low 6elds. There is a considerable gap in betweeen (see Fig. 7 ). (p)= dp p'IPfp(p) 1 2 'l" 'VD= --d6 6 1 E. dp p fp(e) q d ""i()). 
X8 (R,s,t) . (A1) Here g&'&(R, s,t) is the triplet correlation function, for which the simplest approximation is the Kirkwood superposition product" of pair-correlation functions:
The local field F(R) is similar to f(R), except that the screening decreases more rapidly at small distances.
Consider now the 6eld at a general point in the liquid at distance E from the atom with charge q. Denote this held by (q/R') z-'(R),
where &i(R) is the microscopic dielectric function.
Summing over the 6elds at R produced by all the in-"J.C. Kirkwood, J. Chem. Phys. 3, 300 (1935) .
APPENDIX: MICROSCOPIC DIELECTRIC

FUNCTION
In Sec. III we found the local field f(R)t, '/R' acting on an atom in the liquid at distance E from a free electron. Here we shall consider 6rst the local Geld acting on atoms in the liquid due to charge q oe u giver atom, and then the 6eld of this charge at an arbitrary point in the liquid, i.e. , the dielectric function. As in Sec. III we make the point-dipole and constant polarizability assumptions. The extensions necessary to describe screening in the exciton problem will be brieQy discussed.
In Fig. 3 , replace the electronic charge -e by an atom possessing a charge q, and define a function F(R) such that the average local Geld acting on another atom at a distance R is (q/R')F(R). By the arguments of Sec. III, F(R) satisfies the integral equation duced dipoles in the liquid, we find &i '(R)=1 -m-nn dss ' dt t-'F(t)g(t)e(R, s,t).
The integrand is singular at s=0. To obtain the electric 6eld we exclude from the integration a small cylinder centered on s=0 with axis parallel to R, and take the limit as the cylinder volume tends to zero. A straightforward calculation of the integral gives where 1 and p are the (infinitesimal) length and radius of the cylinder. As in the classical prescription for the average electric field in a dielectric medium, ' we take l))p. Therefore K '(R) = 1 -4n.&toF (R)g(R) . In the exciton problem, the charge q is a "hole, " due to the absence of an electron in the atom, and the 6eld to be found is that sampled by the electron at R. If the exciton mobility is low, the liquid structure will be changed in its neighborhood. This can be taken into account by appropriate changes in the correlation functions. The electron also polarizes the medium but, in the linear approximation, where p=n(K&, .i. " & +E,&"i""'the vector components of the atomic dipoles due to the electron all point toward the electron, giving a zero average Geld at the electron. The net field at the electron is therefore (e/R')~'(R). 
